BELL-0038/99164 



1 



PATENT 



END-TO-END NETWORK TESTING 



Technical Field 

The invention relates to the field of communication networks. More specifically, 
the invention relates to the end-to-end testing of communication networks. 

Background of the Invention 

For decades, voice-based communication networks have carried analog signals 
between customer premise equipment (CPE), like telephones, via central office facilities 
over the public switched telephone network (PSTN). To date, testing of these 
commimication networks has focused on testing the two-wire copper connection between 
the CPEs and their central offices (z.e„ the "loop"), and/or testing the CPEs themselves. 
For example, Mechanized Loop Testing has been the primary means of measuring line 
signal levels and losses on the loop. In addition, equipment capable of testing telephones 
has been developed and is widely used in the field. 

Although loop and CPE testing are common, end-to-end testing of the entire 
communication path from one CPE to another, for example, is limited by the inability to 
correlate measurements taken at the CPEs. The inability to correlate the measures often 
is the result of the great distances that frequently separate the CPEs. In particular, a 
connection fi"om one CPE to another may span various networks and travel through a 
multitude of switching points. Recent deregulation has divided ownership of these 
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networks and switching points among distinct service providers. Therefore, the inability 
to coordinate the many efforts necessary to conduct such testing has frustrated such end- 
to-end testing. 

Yet, at the same time network ownership has become more fragmented, customer 
communication needs have become more global. Consequently, the need for testing the 
corresponding communication paths also has become more global (i.e., end-to-end) with 
the advent of the Internet, for example. Moreover, this need has become more prominent 
by the global transmission of digital signals that are more sensitive to transmission faults 
than their analog counterparts. 

Therefore, there is a need for an end-to-end test solution that permits 
measurements taken at each end of the network to be properly correlated and analyzed. 

Summary of the Invention 

The invention includes a system and a method for testing a communication 
network. The inventive method transmits a first signal from a first point to a second 
point of the communication network, where the first and the second points are remotely 
located. The inventive method further includes recording a first time value of the 
transmitting of the first signal using a first clock, receiving a second signal at the second 
point of the communication network, and recording a second time value of the receiving 
using a second clock. The first clock and the second clock operate from a substantially 
similar reference. The method further may include comparing the first signal and the 
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second signal as a function of the first and second time values. Also, the method may 
determine at least one performance characteristic of the communication network based on 
the comparison. The performance characteristics may include signal delay, signal 
distortion, signal duphcation, signal intensity, and/or signal-to-noise ratio. The inventive 
method further may generate a reference signal using a Stratum-2 oscillator, for example, 
and provide the reference signal to the first and second clocks. The first and second 
points of the communication network may be customer premise equipment, and/or may 
be devices located within different central offices. The inventive method also may 
receive a clock signal at the first and second clocks, for example, from a satellite. 

The inventive system includes a signal generator for providing a first signal to the 
communication network, and a first clock device coupled to the signal generator, such 
that the first clock device records a first time that the first signal is provided to the 
communication network. The system also includes a signal receiver for receiving a 
second signal fi^om the communication network, and a second clocking device coupled to 
the signal receiver, such that the second clock device records a second time the second 
signal is received from the communication network. The first and second clocking 
devices operate from a substantially similar reference, and exhibit long-term frequency 
stability characteristics at least as good as a Stratum-2 level. The system also may include 
a clock signal in communication with the first and second clocking devices such that the 
first and second clocking devices operate fi-om a substantially similar reference. The 
clock signal may be transmitted by a satellite to a first satellite receiver in communication 
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with the first clock and a second satelUte receiver in communication with the second 
clock. The system also may include a first customer premise equipment in 
communication with the signal generator and the communication network, and a second 
customer premise equipment in communication with the signal receiver and the 
communication network. The system also may include a first central office device in 
communication with the signal generator and the communication network, and a second 
central office device in communication with the signal receiver and the communication 
network. 

Brief Description of the Drawings 

Other features of the invention are further apparent from the following detailed 
description of the embodiments of the invention taken in conjunction with the 
accompanying drawings, of which: 

Figure 1 provides an overview of a communications network for transferring 
voice and data from one end of a network to another; 

Figure 2 is a block diagram illustrating a system for testing a communication 
network, according to the invention; 

Figure 3 is a block diagram illustrating another system for testing a 
communication network, according to the invention; 

Figure 4 is a block diagram illustrating another system for testing a 
communication network, according to the invention; and 
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Figure 5 is a flow chart illustrating a method for testing a communication 
network, according to the invention. 

Detailed Description of the Invention 

Overview of Communication Network 

Figure 1 provides an overview of a communications network 100 for transferring 
voice and data from one end of a network to another. As shown in Figure 1, customer 
premise equipment (CPE) 101 is coupled to a local central office 102 via a twisted pair 
cormection 109. Twisted pair connection 109, commonly referred to hy those skilled in 
the art as the "loop," includes a two-wire connection between CPE 101 and local central 
office 102. 

Local central office 102 is "local" because of its relative proximity to CPE 101. 
Local central office 102, also known as a local exchange, is a physical plant facility that 
includes equipment capable of electronically switching incoming calls to their desired 
destinations. In general, the central office is a major equipment center designed to serve 
the communications traffic of a specific geographic area. The central office is a Class 5 
switch with lines to customer locations. Central offices usually have a capacity of 
100,000 telephone lines, and up to 10 network exchanges. Central offices typically are 
owned by incumbent local exchange carriers (ILEC), also known as bell operating 
carriers (BOC). 
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Local central office 102 is further coupled to a tandem office 103. Tandem office 
103 further is coupled to a tandem office 105 via a tandem office 104. Generally, tandem 
offices, also well known to those skilled in the art as "toll offices," are Class 4 switches 
that provide interconnection for central offices and long distance via Inter-exchange 
Carriers (lEC). Tandem office 105 further is coupled to a local central office 106. It 
should be appreciated that the number of tandem offices located between local central 
office 102 and local central office 106 will vary depending on the geographic location of 
CPE 101 and CPE 107. Figure 1 shows three tandem offices for the purpose of brevity 
and discussion. 

Local central office 106 is coupled to CPE 107 via a twisted pair connection 108. 
Twisted pair connection 108 is similar to twisted pair cormection 106 in that it also 
couples the CPE to the local central office, and forms the "loop" between CPA 107 and 
local central office 106. In the case of local central office 106 it is "local" relative to 
CPE 107. 

In operation CPE 101, which may be a standard telephone device, sends analog 
and/or digital signals over twisted pair connection 109 to local central office 102. As 
previously discussed, local central office 102 includes computer equipment capable of 
logically directing the analog and/or digital signals from CPE 101 to tandem office 103. 
Similarly, tandem offices 103-105 have computer equipment capable of routing the 
analog and/or digital signals from local central office 102 to local central office 106. 



BELL-0038/99164 



7 



PATENT 



Therefore, local central offices 102 and 106, and tandem offices 103-105 function to 
permit the transmission of analog and/or digital signals from CPE 101 to CPE 107. 

The analog and/or digital signals from CPE 101 initially may include information 
corresponding to a network identifier of CPE 107, for example, an Internet Protocol 

5 address and/or a directory number. Subsequent analog signals from CPE 101 also 
typically include signals corresponding to voice-based signals from a user's voice, 
communicated through CPE 101, Alternatively, the subsequent analog signals may 
correspond to signals from a computing device, like a computer, that have been converted 
from digital form to analog form by a modem, for example. The subsequent digital 

10 signals from CPE 101 may include information transmitted directly from a computing 
device, like a personal computer. Regardless of the type and content of the transmitted 
signals, local central office 102 and 106, and tandem offices 103-105 operate to permit a 
user of CPE 101 to communicate with another user of CPE 107, where the CPE may be a 
telephone or a computer, for example. 

1 5 It should be appreciated that the number of tandem offices located between CPE 

101 and CPE 107 will vary depending upon the relative geographic location of CPE 101 
to CPE 107. For example, although not shown in Figure 1, where CPE 101 and CPE 107 
are in close proximity (e.g., within the same town), it may be that they are connected 
through a single local central office, for example local central office 102. Alternatively, 

20 where CPE 101 and CPE 107 are remotely located (e.g., different countries), it may be 
that a significant number of tandem offices operate to permit CPE 101 to communicate 
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with CPE 107. Although, telephone devices are shown to represent CPE 101 and 107, it 
should be appreciated that other equipment may be included, for example, facsimile 
machines, computers, and modems. Therefore, Figure 1 provides an overview of 
communications network 100 for transferring voice and data from one CPE to another 



End-to-End Testing of Communication Network 

Figure 2 is a block diagram illustrating a system 200 for testing a communication 
network, according to the invention. As shown in Figure 2, a signal generator 201 and a 
clock 203 are coupled to CPE 101. Similarly, a signal receiver 202 and clock 204 are 
coupled to CPE 107. Signal generator 201 is a device capable of transmitting a signal in 
a selected frequency range, for example an audio signal. Signal generator 201 also is 
capable of recording certain characteristics of the transmitted signal, for example signal 
strength and signal frequency. Signal receiver 202 is a device capable of receiving the 
signal transmitted from signal generator 201 . Signal receiver 202 also is capable of 
recording certain characteristics of the received signal, for example signal strength and 
signal frequency. 

Clocks 203 and 204 are timing devices that operate from a substantially similar 
point of reference. This may be accomplished using a number of techniques. For 
example, clocks 203 and 204 may be devices capable of maintaining a certain reference 
time (e.g., time of day) within a significant degree of accuracy, for example a Stratum 
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clock. Stratum clocks are devices well known to those skilled in the art to provide highly 
accurate tracking of an input reference time. For example, the Stratum-2 clock has a drift 
of the original input reference that is less than 1 .6 x 10'^ in one year. The short term drift 
of the Stratum-2 clock is less than 1 x 10''^ in twenty-four hours. The remaining 
components shown in Figure 2 are similar to those discussed with reference to Figure 1 . 

In operation, signal generator 201 transmits a signal to local central office 102 
over twisted pair connection 109. Clock 203 records a time (e.g., time of day) at which 
signal generator 201 transmits the signal. Although Figure 2 shows signal generator 201 
and clock 203 transmitting the signal through CPE 101, it should be appreciated that 
signal generator 201 and a clock 203 may be coupled directly to local central office 102 
via twisted pair connection 109. This may be accomplished by coupling signal generator 
201 to twisted pair connection 109. Also, it should be appreciated that signal generator 
201 and clock 203 may be a single imit capable of transmitting the signal and recording 
the time at which the signal is transmitted. 

In similar fashion, signal receiver 202 and clock 204 ftinction to receive the 
transmitted signal from local central office 106 via twisted pair 108. Clock 204 operates 
to provide a time (e.g., time of day) that the signal is received from local central office 
106 via twisted pair connection 108. Although Figure 2 shows signal receiver 202 and 
clock 204 receiving the signal through CPE 107, it should be appreciated that signal 
receiver 202 and clock 204 may be coupled directly to local central office 1 06 via twisted 
pair connection 108. This may be accomplished by coupling signal receiver 202 to 
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twisted pair connection 108. Also, it should be appreciated that signal receiver 202 and 
clock 204 may be a single unit capable of transmitting the signal and recording the time 
at which the signal is transmitted. 

By measuring the signal transmitted by signal generator 201 and the signal 
received by signal receiver 202, and correlating those measurements using the 
corresponding clock values, the transmitted and received signals may be compared so as 
to measure the performance characteristics of the communication network. Such 
performance characteristics are determined from a first end of the communication 
network (e.g,, CPE 101) to a second end of the communication network (e.g., CPE 107). 
These characteristics may include signal delay, signal distortion, signal duplication, 
signal intensity, and/or signal-to-noise ratio. 

Figure 3 is a block diagram illustrating a system 300 for testing a communication 
network, according to the invention. As shown in Figure 3, a satellite 301 provides 
signals 302 and 303 to clock 203 and clock 204, respectively. Signals 302 and 303 may 
provide highly accurate timing updates to clocks 203 and 204. Also, because signals 302 
and 303 are received from a single common source (i.e., satellite 301), clocks 203 and 
204 may operate from a substantially similar point of reference. In this case, clocks 203 
and 204 also may include a global positioning satellite receiver (not shown), capable of 
receiving satellite signals 302 and 303 and updating clocks 203 and 204 accordingly. 
Other than the use of satellite 301 to update clocks 203 and 204 with signals 302 and 303, 
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respectively, system 300 and its operation are similar to that discussed with reference to 
system 200 in Figure 2. 

Figure 4 is a block diagram illustrating a system 400 for testing a communication 
network, according to the invention. As shown in Figure 4, a Stratum-2 oscillator 401 is 
coupled to clock 203, and Stratum-2 oscillator 402 is coupled to clock 204. Stratum-2 
oscillators 401 and 402 provide a highly consistent timing source to clocks 203 and 204, 
respectively, such that they may maintain a substantially similar timing point of 
reference. Although not shown in Figure 4, it should be appreciated that the Stratum-2 
oscillators individually may be incorporated within clocks 203 and 204. Also, although 
Figure 4 shows clocks 203 and 204 individually coupled to Stratum-2 oscillators 401 and 
402, respectively, it should be appreciated that another similar timing device exhibiting 
long-term frequency stability characteristics at least as good as a Stratum-2 level also 
may be used. Other than the use of Stratum-2 oscillators 401 and 402 to provide update 
signals to clocks 203 and 204, respectively, system 400 and its operation are similar to 
that discussed with reference to system 200 in Figure 2. 

Figure 5 is a flow chart illustrating a method 500 for testing a communication 
network, according to the invention. In step 501, signal generator 201 transmits a signal 
to local central office 102 over twisted pair connection 109. Signal generator 201 
measures and records certain values of the transmitted signal. Clock 203 records a time 
that the signal is transmitted onto twisted pair connection 109, in step 502. The signal is 
then transmitted to signal receiver 202 over tandem offices 103-105, local central office 
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106, twisted pair connection 108, and CPE 107. In step 503, the signal is received at 
signal receiver 202. Signal receiver 202 measures and records certain values of the 
transmitted signal. In step 504, clock 204 records a time that the signal is received. 

In step 505, the recorded signal values and corresponding time values for the 
transmitted and received signals are compared so as to determine performance 
characteristics of the communication network. For example, the following characteristics 
may be determined from the recorded information: signal delay, signal distortion, signal 
duplication, signal intensity, and/or signal-to-noise ratio. It should be appreciated that 
these characteristics are not exhaustive and are provided as an example of possible 
performance characteristics that may be determined. In practice, the timing correlation of 
the transmitted and received signals permits a variety of relevant comparisons to be 
accomplished and determinations about the performance of the network to be made. 

The invention is directed to a system and method for testing a communication 
network. The invention was described in the context of wired voice and data 
communication system, but is not so limited to, regardless of any specific description in 
the drawing or examples set forth herein. For example, the invention may be applied to 
wireless networks, and non-traditional networks like Voice-over-IP-based networks. It 
will be understood that the invention is not limited to use of any of the particular 
components or devices herein. Indeed, this invention can be used in any application that 
requires the testing of a communications system. Further, the system disclosed in the 
invention can be used with the method of the invention or a variety of other applications. 
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While the invention has been particularly shown and described with reference to 
the embodiments thereof, it will be understood by those skilled in the art that the 
invention is not limited to the embodiments specifically disclosed herein. Those skilled 
in the art will appreciate that various changes and adaptations of the invention may be 
made in the form and details of these embodiments without departing from the true spirit 
and scope of the invention as defined by the following claims. 



